Average percent grass cover increased under short-term protection after a history of long-term grazing. Short-term grazing stimulated foliar cover of forbs, grasses, and sedges after more than 30 years of cattle exclusion.
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tics of these systems. Many problems created by conflicting uses never were fully resolved (Skovlin 1984) . More recently, integrated research strategies on riparian zone management have interpreted the status of existing systems and promoted management approaches aimed at enhancing or restoring the health of these systems. This research project studied foliar cover responses of montane riparian vegetation, with respect to 4 grazing treatments. Treatment areas included vegetation protected from livestock grazing for 30 years. It was hypothesized that differences in percent relative foliar cover of key plant species and life forms would not be significant among treatments. Determination of plant community composition from foliar cover over 2 growing seasons resulted in a baseline floristic inventory, comparisons of plant community status, and short-time trend information required for future research on community status at the study area. Also, this study presents a workable method for determining floristic inventories and community status at other riparian sites in the Rocky Mountain region.
Study Area
The Sheep Creek allotment comprises an area of 5,342 ha with 1,052 ha as primary grazeable range. Lodgepole pine (pinus contortu Dougl.) dominates the nongrazeable remainder. The allotment is located in northcentral Colorado within Roosevelt National Forest, approximately 75 km northwest of Fort Collins. The study was conducted at a research site within the allotment, along 5 km of gentle-sloping meadows adjacent to Sheep Creek. Elevation at the site is approximately 2,500 m.
The allotment supported 1,175 animal unit months (AUMs) in the early 1900's. Stocking rates were substantially.decreased to 897 AUMs in 1949, and 740 AUMs in 1962. Current carrying capacity was estimated by the U.S. Forest Service to be 621 AUMs. A study conducted in 1985 and 1986 at this research site estimated forage utilization within riparian meadows adjacent to the creek at 65% of the current year's growth (Schulz and Leininger 1990) .
The Union Pacific Railroad Company (UPRC) owns sections of uplands and riparian meadows at Sheep Creek, interspersed with sections of public land administered by the U.S. Forest Service ( streambanks and shade the aquatic environment within these exclosures (Schulz and Leininger 1990) . Upland areas were not protected from livestock grazing.
Three new exclosures were built in grazed areas owned by the Union Pacific Railroad Company in June and July of 1988. From upper to lower stream, these exclosures encompassed areas of 0.52 ha, 0.27 ha, and 0.48 ha. At the same time, portions of 3 old exclosures built by the U.S. Forest Service in 1956 were opened to livestock grazing at utilization levels mentioned previously. These areas were 0.29 ha, 0.68 ha, and 0.78 ha, respectively. The year 1988 was characterized by a relatively wet winter and a very dry growing season, with very negligible precipitation in August (5.8 mm), the lowest amount on record for the month since 1948. Conversely, 1989 was characterized by low winter snow accumulation and above average summer precipitation. Three, 6, and 4 precipitation events totalled 52.3 mm in June, 109.7 mm in July, and 53.1 mm in August, respectively.
Methods
Long-term grazing (G), protection from livestock grazing since 1956 (P), recent protection following long-term grazing (P88), and recent livestock grazing following protection (G88) were 4 treatments compared in this study. Three replicated areas were provided for each treatment (Fig. 1) . Three 20-m permanent transects were randomly located within each replication area. Ten 20 X 50-cm rectangular plots were randomly and permanently assigned to each transect. Percent foliar cover, as defined by the Society for Range Management (1983) , was measured within these rectangular plots. Determinations were made in early August 1988 , late June 1989 , and early August 1989 Data were collected by subdividing the 20 X 50-cm rectangular plot into 10 cover classes (USDI, Bureau of Land Management, 1985) . Bare ground, litter, and individual plant species were visualized in the class that would contain their projected cover. The midrange value of each class was assigned to each observation within each plot. This method is a modification of the method developed by Daubenmire, which implements 6 cover classes (Daubenmire 1959) .
Empty spaces of foliage were excluded from measurements. All species found in plots were recorded. Measurements were taken on foliar cover projected into plots by plant species growing outside plots. Trees were measured only as seedlings. Species that were present, but not visible in the veritical stratification of foliage, were assigned a first cover class midrange value. Willows were measured by Schulz and Leininger (1990) and by other co-researchers at Sheep Creek and were excluded from this study.
Percent foliar cover means were paired, using Sorensen's similarity index, to determine percent similarity in foliar cover between treatments (Sorensen 1948). A distinct advantage of this approach is that all species encompassed by plots are indexed.
Major plant species in the Sheep Creek area are yarrow [Achillea hulosa Nutt.]; Carex festivella, Nebraska sedge [C. nebraskensis Dewey], C. rostrata; tufted hairgrass [Deschampsia caespitosa (L.) Beauv.]; strawberry [Fragaria ovalis Lehm.) Rybd.]; Juncus balticus var. montanus; Poapalustris, P. pratensis; Potentilla fruticosa, herbaceous cinquefoil species [namely P. diversrfolia Lehm., P. gracilisDoug1. ex Hook. var.pulcherrima, Lehm., P. hippiana Lehm., and P. pennsylvanica L.]; Taraxacum officinale; and Trifolium repens. Percent foliar cover data of these species were analyzed with a 2-stage nested analysis of variance (ANOVA) to determine treatment differences. Three replications were nested within each treatment and 3 transects were nested within each replication and treatment combinations. Individual measurements were nested within transects.
Replication within treatment means square was chosen as the appropriate error term for testing the significance of treatment differences. This procedure simulated an experiment where treatments and replications were randomly located, even though such random selection was not possible. This choice of error term reflected the difference among treatment means in the population of similar locations being tested.
All plant species with very sparse distributions were not analyzed statistically. However, forbs, grasses, legumes, mosses, rushes, sedges, and shrubs were analyzed as cumulative percent foliar cover of plant species belonging to each of these given life forms.
The least significant difference (LSD) method was applied to individual species foliar cover means, litter, bare ground, and life forms when F-tests were significant at the 0.05 level. This procedure identified treatments that were significantly different from each other. When F-tests were not significant, LSD values were viewed as indicative of accuracy, but were not used to declare significant differences due to their additive error rate per comparison (Steel and Torrie 1980) . However, some least significant differences were carried out on foliar cover comparisons with p values 50.10 as well, in order to get indications of treatment effects on foliar cover of common species and life forms. All statistical tests used type I error rate of (Y = 0.05. Steel and Torrie (1980) recommended using square root transformations on percentage data with a range between 0 and 20% to make means and variances independent and variances stable. Square root transformations were performed on foliar cover data, with the exception of litter cover, before proceeding with ANOVA and LSD tests.
Results
S#rensen's similarity indices for treatment comparisons of community status are presented in Table 1 . Long-term grazing and G-P88 (long-term grazing-recent protection) G-P (long-term grazing-long-term protection) G-G88 (long-term grazing-recent grazing) P88-P (recent protection-long-term protection) P88-P (long-term protection-recent grating) P-G88 (protected-recent gazed) recent protection following long-term grazing decreased in similarity from 1988 to 1989, following short-term grazing exclusion in the latter. Long-term grazing/recent livestock grazing following protection, long-term protection/ recent livestock grazing following protection, and recent protection following long-term grazing/long-term protection showed an increase in similarity from 1988 to 1989. Recent protection following long-term grazing/recent livestock grazing following protection, the short-term reverses of historical treatments, resulted in the highest increase in percent similarity among all comparisons. Long-term grazing/long-term protection treatments appeared to have stable, but low, similarity over the Zyear study. Foliar cover data of plant life forms are presented in Table 2 . Percent foliar cover of grasses was significantly different among treatments in 1988 at the 0.10 level (P= 0.078). Conversely, similarities were found in June 1989 (P>O.38) and August 1989 (PX. 19). It was determined that grass cover was greater in recent protection following long-term grazing than in long-term protection and recent livestock grazing following protection ( Table 2) .
Cover of legumes was significantly different among treatments in August 1988 , June 1989 , and August (1989 (P = 0.02). It was determined by least significant difference analysis that recent protection following long-term grazing was significantly different from long-term grazing, but similar to long-term protection and recent livestock grazing following protection by August 1989 ( Table 2) . Foliarcover of Trifolium repens within recent protection following long-term grazing decreased dramatically from 1988 to 1989 (Table 3) .
There were no significant differences among treatments for foliar cover of forbs (p>O.69), mosses (p>O.23), rushes (p>O.18), and shrubs (nO.25). Percent foliar cover of sedges was not significantly different among treatments (mO.88). Carex festivella appeared to be most affected by treatments (BO.10 in August 1988, DO.057 in June 1989, and -0.12 in August 1989) than other sedges (Table 3) . Carex nebraskensis (-0.34) and C. rostrata (-0.85) were unaffected by treatments. There were significant treatment differences for bare ground at the0.05 and 0.10 levels (PzO.01 in August 1988, P=O.lO in June 1989, and P = 0.051 in August 1989). It was determined by least significant differences analysis that the long-term grazing treatment was significantly different from all other treatments in August 1988, but increased similarities with other treatments were obtained in 1989 (Table 3) .
Litter cover was significantly different in 1988 at the 0.10 level only (P = 0.064). Protected areas had higher litter accumulations than any other treatment areas by 1989 (Table 3) .
Foliar cover of Taraxacum officinale was significantly different in June 1989 (P q 0.03) ( Table 3 ). Dandelion densities were 3 times greater in long-term grazed areas (Popolizio 1990 oDifferences among treatments for a given sampling period were significant at the 0.10 level. *Differences among treatments for a given sampling period were significant at the 0.05 level. 1 August 1988: P88 = P and G88 (P = 0.078). 2August 1988: G = P88 = ~388 = P, June 1989: G = P and G88; August 1989: G -P88 = G88 = P. JWillows were not measured. G = long-term grazing P88 = recently protected following long-term grazing. P = protected from grazing since 1956 G88 = recently grazed following protection. . 1989  50  52  53  46  50  55  60  55  50  53  56  54  G  P88  P  G88  G  P88  P  G88  G  P88 P G88
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*Differences among treatments for a given sampling period were significant at the 0.05 level.
ZAugust 1988: G = P88 = P = G88; June 1989; G = P88 (P .= 0.10); August 1989: G = G88, G88 = P = P88. IAugust 1988: P88 = G88 (P = 0.10); June 1989: G and P88 GE8 (P = 0.057). 'August 1988: G88 = G and P88 (P = 0.064). 5June 1989: P88 = G = P = G88. 6August 1988: G J G88 and P; June 1989: G = GE8 and P; August 1989: G m P88 = G88 = P. G = long-term grazing P88 = recently protected following long-term grazing. P = protected from grazing since 1956 G88 = recently grazed following protection.
Discussions and Conclusions
Significant differences of percent cover means may have resulted from excessive forage utilization in grazed areas and heavy litter build-up in exclosures. Bare ground, legumes, particularly Trifolium repens, and Taraxacum officinale were found to be significantly higher in long-term grazed treatments. Bare ground may have decreased significantly in this treatment from 1988 to 1989 as a result of a very moderate grazing season and high precipitation in 1989.
exclosures (recent protection following long-term grazing). Litter cover increased 10% in this treatment.
Percent foliar cover of forbs was not significantly different among treatments, Forb composition in grazed areas was dominated by Taraxacum officinale. A greater proportion of native species were found to be growing within old exclosures than in open grazed areas.
The inhibiting effect of litter accumulation on the foliar cover of small forbs and legumes may have resulted in an observed S-fold decrease of Trifolium repens from 1988 to 1989 in recently built Individual sedge spp. responded differently to treatments. Carex nebraskensis is highly preferred as forage by livestock (Winward 1986 ); this sedge species may withstand heavy utilization as a result of its rhizomatous habit and location in habitats with favorable soil moisture conditions (USDA Forest Service 1937). Cattle utilize Carex rostrata early in the growing season, but use decreases as shoots become coarse (Hansen et al. 1988) . C. rostrata stands received little disturbance during the 2-year study. Swollen spike sedge (Carex athrostachya Olney) was most common in long-term grazed areas, intermingling with Carex festivella. Carex foenea and meadow sedge (C.praticola Rydb.) were found predominantly in long-term protected areas.
In a previous study at Sheep Creek, Schulz and Leininger (1990) reported significant differences between mean percentage canopy cover of bare ground, Poapalustris, P. pratensis, litter, Trafolium repens, and grasses and shrubs as life forms in long-term grazed and protected areas (P q 0.05). Forb cover was not significantly different between these 2 treatments. They reported that the average percent canopy cover of Salix spp. was 17% in exclosures versus 2% in grazed areas (p>O.O04). An arcsin square root transformation was applied to cover data prior to their analyses. Shortterm grazing and protection had not been established at the time of their study.
Two years of grazing in long-term protected areas appeared to have a stimulating effect on plant foliar cover; however, impacts on other environmental characteristics of the system should be monitored by future studies. Concurrently, 2 years of protection in long-term grazed areas resulted in increased litter accumulation, decreased bare ground, and increased foliar cover of forage species (e.g., grasses and sedges) when compared to long-term grazed areas.
Past heavy grazing in the Sheep Creek area has resulted in changes in plant community composition. Indeed, the recent return of beaver in protected portions of Sheep Creek resulted in visual aspect dominance of water-loving plant species. Differences resulting from grazing and protective treatments became more pronounced when less frequent and rare species were considered (Popolizio 1990 ).
This study of percent foliar cover alone cannot assess merits and drawbacks of grazing strategies and protective measures, but must rather be incorporated as one of many studies in evaluating and understanding complex relationships of riparian systems. Identification of soil types, soil porosity and depth, soil organic matter content, litter deposition, channel morphology, streambank erosion, sediment load, willow cover, forage production, percent utilization, plant density, and plant frequency, along with foliar cover, would be most useful parameters of study in understanding riparian systems' responses, particularly those relating to grazing strategies and protective measures. Internal and continuous grazing pressures in riparian areas appear to have more detrimental impacts on soil properties than on a plant community (Winward 1986) .
The 20 X 50-cm rectangular plot proved to be an inappropriate technique for deriving reliable estimates of shrub foliar cover. In future studies, direct or indirect density techniques may be more appropriate measures of shrub abundance within treatment areas. Shrub foliar cover may be measured more accurately as a line intercept for each random transect.
Concurrent application of the inclined point method with the 20 X 50-cm rectangular plot would alleviate bias in estimating foliar cover of narrow leaf or leafless species such as Juncus balticus var. montanus. Floyd and Anderson (1987) compared the precision of line interception, point interception, and quadrat cover estimates of sagebrush steppe vegetation. Similar studies comparing methods would be useful in determining the precision, workability, and most appropriate use of plots in riparian studies.
Finally, depth of litter accumulations as an 0 horizon may be more meaningful measures than surface litter cover readings in plots. Volland (1978) reported significant differences in litter depth between grazed and rested Poapratensis meadows over an 1 l-Year period.
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